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Introduction
Atmospheric aerosols are complex matrices which include different chemical species that could cause harmful effects on human health (Finlayson-Pitts and Pitts Jr, 2000) . Polycyclic aromatic hydrocarbons (PAHs) are typical toxic compounds present in the particulate matter. Several PAH derivatives, such as nitrated PAHs (NPAHs) and oxygenated PAHs (OPAHs) having strong indirect-and direct-acting mutagenic properties, are also found in airborne particulate matter (Allen et al., 1997; Bamford and Baker, 2003) . PAHs are emitted directly from combustion whereas NPAHs and OPAHs are both primarily emitted and formed in the atmosphere, by gas and heterogeneous phase reactions of PAHs induced by atmospheric oxidants (OH, NO 3 , O 3 ). PAH derivatives have a particular interest because they seem more toxic than their related parent PAHs.
For instance, NPAHs could contribute for 10% to the total mutagenicity of inhalable suspended particles in polluted areas (Arey et al., 1988b; Atkinson and Arey, 1994) . A correct quantification of these compounds in ambient air is very important.
Some surprising results obtained in this study suggest that some precautions have to be taken for the measurement of the PAHs and their derivatives in the ambient air.
Experimental section

Sampling sites and operating conditions
Experiments were carried out on four sampling sites located in the French Mediterranean and Alpine regions. Table 1 The two sites of the Mediterranean region were located in the Marseilles area (city of 800 000 inhabitants) characterised by an important solar irradiation, heavy traffic and industrial activities.
Two different types of sites (urban "Cinq avenues" and sub-urban "La Penne sur Huveaune ") were instrumented for the sampling of PAHs and their derivatives.
Sampling procedure
On each site, two kinds of samplers were used in parallel. Both ambient air particulate (quartz filter) and gas (PUF: polyurethane foams) phases were collected using a modified high volume sampler equipped with a PM 10 head (Model Digitel DA-80, Hegnau, Switzerland, 30 m 3 h -1 ). As recommended by the constructor, during the winter period the PM 10 head was heated to prevent turbine overload due to moist filters because of the excessive ambient humidity. Application of the OPAH and NPAH analytical procedure has been performed on standard reference material (SRM 1649a: urban dust), giving results in good agreement with the few data available in the literature (Albinet et al., 2006) .
Results
Concentrations and sources of PAHs, OPAHs and NPAHs
Average levels of concentrations observed during each sampling campaign for the sum of PAHs,
OPAHs and NPAHs present mainly in particulate phase (Σ PAHp, Σ OPAHp and Σ NPAHp) and for the gaseous pollutants NO, NO 2 and O 3 are presented on Table 1 .
Comparison of both sampling devices
A comparison between particulate-bound individual PAH, OPAH and NPAH concentrations obtained with both samplers was made. Fig. 1 shows the results obtained by summing the concentrations of all the impactor stages and averaging the concentrations of both 12-hour total filtration samples (DA-80). Only compounds present mainly in the particulate phase were taking 7 into account. All sampling sites were mixed and results were presented according to the sampling season (winter and summer).
In the summer period, for all compound families (PAHs, OPAHs and NPAHs) the correlation coefficients were quite good, indicating a good proportionality between both sampling methods.
The intercepts were really low, indicating no systematic bias. The slopes of the regression were close to 1, indicating minimal (or at least similar) "blowoff" or adsorption artefacts. Thus, the concentrations determined with both sampling systems were considered as equivalent with regard to the analysis for particulate PAHs, OPAHs and NPAHs.
In the winter period, the same conclusion could be drawn for PAHs and OPAHs. The differences between the PAH and OPAH concentrations determined with both samplers were not significant.
Concerning NPAHs, results were wholly different. Even if the correlation coefficient was good and the intercept quite low, the slope of the regression was significantly different from 1. Individual
NPAHs concentrations determined by the cascade impactor were about 3 to 4 times higher than those determined by the DA-80.
To investigate the origin of such differences, numerous hypotheses were tested: analytical drift, production or destruction of particle-bound NPAHs during the sampling. Each of these possibilities is discussed below.
Discussion
Analytical drift
The analytical procedure used in this study was validated on standard reference material (urban dust, SRM 1649a) and results previously published (Albinet et al., 2006) have shown a very repeatable method with a mean coefficient of variation (standard deviation/mean) about 0.2. In this procedure, OPAHs and NPAHs were analysed simultaneously and so, if analytical drift occurred, it 8 should be the same for both classes of compounds. Moreover, the greater discrepancies were obtained with the most concentrated samples (winter period) for which the analytical errors were minimal. The uncertainties of the analytical procedure cannot explain the important differences observed between both kinds of samplers used in winter.
Formation of NPAHs during sampling
The formation of NPAHs during sampling by heterogeneous reaction with nitrogen oxides was investigated in previous studies. During a winter high-NOx episode, the maximum percentage of artefact formation of the observed NPAHs was less than 2-3% (Arey et al., 1988a) . Results from a study conducted in a tunnel showed that the formation artefact represented less than 0.1% of the studied NPAHs (Dimashki et al., 2000) . Authors concluded that filter artefacts were not significant and were not problematic for NPAH ambient air samplings. In our case, differences of concentrations of the parent PAHs determined by both sampling devices were not significant and differences of concentrations between the two samplers used were the same for any primary (e.g. 1-nitropyrene) or secondary (e.g. 2-nitropyrene, 2+3-nitrofluoranthene) NPAHs. Moreover, if formation during sampling were to take place, that would be easier in the summer period when atmospheric concentrations of the reaction initiators, OH and NO 3 , were maximal. The formation of NPAHs during the sampling could not explain the disparities noted in the winter period between DA-80 and impactor samplers.
Destruction of NPAHs during sampling
The major way of degradation of NPAHs is photolysis. In both cases, this parameter could not be taken into account because the collection filter, installed in the middle of the sampler, was protected from sunlight.
A second way of degradation of particulate NPAHs by reaction with gaseous oxidants such as, OH, O 3 and NO x was reported as very negligible (Atkinson et al., 1989; Feilberg et al., 1999) . Due to the difference of the sampling methodology used in this study, this way of degradation could play a role in the differences observed. Because of the conditions of contact between ambient air and particles in the impactor, there is hypothetically a greater probability of contact with the compounds (NPAHs) on the filtration unit (backup filter) of the impactor-a condition that would also exist for the DA-80 filters. However, in the cascade impactor, airflow during sampling is over the surface of the fritted filters. It is conceivable that only the upper outside surface of the top layer of the impacted particles on the fritted filters is exposed to potential oxidizing agents, whereas all sampled air must pass through the backup filter. For the summer samples from the Alpine region, the percentage of the NPAHs collected on the fritted filters reached 85% (Fig. 2) . In this case, if chemical reaction with atmospheric oxidants was a major way of degradation of the NPAHs collected on the filtration unit, the NPAH concentrations determined with the impactor would be much more important than those given by the classical filter method (DA-80). As show in Table 1, it is not the case. On the opposite, when the differences of concentrations determined by both samplers were the greatest in the winter period, the NPAHs were mainly associated to the finest particles collected on the back up filter. Finally, during the summer sampling campaign in the region of Marseilles, no or slight differences of concentrations were observed between the samplers whereas the NPAH filter distribution was similar to that of the winter samples from the Alpine region. Degradation of particulate NPAHs on the filter by reaction with gaseous oxidants associated to sampling methodology does not seem to be the key factor explaining the differences of concentrations observed between both samplers used in parallel.
The difference of temperature between external and internal ambient air could play a role in the differences of NPAH concentrations observed between both samplers used. 
Conclusion
This study presents a comparison of particulate PAH, OPAH and NPAH concentrations determined with two kinds of samplers (cascade impactor and conventional high volume sampler) installed in parallel during five sampling campaigns. For both winter and summer periods, the PAH and OPAH concentrations determined with both sampling systems were considered as equivalent with regard to the analysis of these compounds. In the summer period, NPAH concentrations quantified with both sampling devices were similar whereas in the winter period, the DA-80 sampler underestimated their concentrations by a factor of 3 to 4. To investigate the origin of such differences numerous hypotheses were tested: analytical drift, production or destruction of particlebound NPAHs during the sampling. Finally, a probable hypothesis is that, the heating of the DA-80 PM 10 head in the winter period generates an increase of the internal temperature of the sampler that could intensify the chemical degradation of the NPAHs inducing the underestimation of their concentrations in the atmosphere. Further investigations will be necessary to confirm the importance of the temperature on the chemical degradation of these compounds and the different behaviour of PAHs and OPAHs. As a conclusion and as suggested in a previous study (Goriaux et al., 2006) , the use of oxidant scrubber would allow to prevent chemical degradation of PAHs and derivatives during their sampling. Moreover, we advise against the heating of the sampling head which could induce an increase of these reactions of degradation especially for NPAHs. 
